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COMPLETION REPORT FOR PROBE HOLE C3832 (TX-104) TX TANK FARM 

200 WEST AREA 

 

 

 

1.0  INTRODUCTION 

 

 

The U.S. Department of Energy (DOE) assigned the River Protection Project Single-Shell Tank 

Program the tasks of transferring waste from the single-shell tanks to double-shell tanks and 

developing and implementing a strategy to retrieve single-shell tank and miscellaneous 

underground storage tank waste.  In support of the eventual retrieval of this waste, the Single-

Shell Tank Program Vadose Zone Project was given responsibility for collecting and providing 

subsurface data from the single-shell tank farm facilities.  This data is intended to provide an 

understanding of the distribution and movement of contaminants in the vadose zone under and 

adjacent to the tank farms.  Subsequently, a work plan was prepared to collect field 

characterization data in and near Waste Management Area TX.  This planned activity is intended 

to support decision-making relative to DOE/RL-99-36, Phase 1 RCRA Facility 

Investigation/Corrective Measures Study Work Plan for Single-Shell Tank Waste Management 

Areas.  The document, RPP-7578, Site-Specific SST Phase 1 RFI/CMS Work Plan Addendum for 

WMAs T and TX-TY, was necessary to identify and plan characterization efforts as part of 

DOE/RL-99-36. 

 

The data requirement goals identified through a data quality objective process are documented in 

RPP-7578.  The outlined goals include the tasks, project responsibilities, and schedules for the 

characterization efforts.  One of the identified field characterization efforts is the collection of 

vadose zone data from the installation of up to four closed-end probe holes in the TX tank farm. 

 

Utilizing RPP-7578 as guidance, DFSNW-DOW-006, Description of Work:  Drilling and 

Sampling was prepared defining the methodology and actions for drilling and sampling a series of 

probe holes in the TX tank farm.  This report provides information for the planned series of probe 

driving activities.  DFSNW-DOW-006 included selected sampling depths, borehole construction 

and sampling methodologies, geophysical logging requirements, decommissioning directions, 

environmental health and safety program directions and quality control drivers.  This borehole 

completion report is a summary of activities and sampling efforts for the placement of probe hole 

C3832 adjacent to tank TX-104, the first in the series planned under DFSNW-DOW-006.  See 

Figure 1 for a location map of the 241-TX tank farm and Figure 2 for a detailed location map of 

C3832 and other wells, probe locations, and tanks in the project area.  Appendices to this 

completion report contain copies of the following documentation generated during performance 

of the outlined work: 

 

• Field activity reports (Appendix A) 

 

• Geologic/Sample logs (Appendix B)
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• Geophysical logs (Appendix C) 

- Moisture logs gathered from 14 dry wells in the TX tank farm 

- High-Purity Germanium (HPGe) and moisture logs from probe hole C3832 

- February 26, 2002, letter and attachments from Pacific Northwest Geophysics to James 

Meisner and March 5, 2002, letter and attachments from Pacific Northwest Geophysics to 

Kent Reynolds. 

 

• Chain of Custody/Sample Analysis Requests (Appendix D [includes summary sheets]) 

 

• Blow count forms (Appendix E) 

- Casing driving 

 

• Field logbook entries (Appendix F) 

 

• Equipment cleaning forms (Appendix G) 

 

• Washington State Department of Ecology (Ecology) documentation (Appendix H) 

- Start and decommissioning cards 

- Completion report with Final As-Built. 
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Figure 1.  Location of 241-TX Tank Farm. 
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Figure 2.  Location of C3832 and Other 241-TX Tank Farm Wells, Probes, and Tanks. 
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2.0  SUMMARY OF ACTIVITIES 

 

 

Duratek Federal Services, Inc., Northwest Operations (DFSNW) began preliminary design and 

procurement planning for samplers, casing jacks and wrenches in support of the TX scope of 

work in late January 2002.  This was followed by procurement of the necessary field equipment 

and support (drill pipe, casing, casing tips and shoes, samplers, casing and drill pipe wrenches, 

casing jacks and contracting for drilling support) in February and March.  Fifteen dry wells in the 

vicinity of the planned probes were selected for moisture logging and 14 of the selected wells 

were logged and analyzed by late February 2002.  Concurrent with equipment procurement and 

moisture logging and analysis, DFSNW-DOW-006 was prepared and submitted.  The purpose of 

DFSNW-DOW-006 is to guide field activities, call out selected sample depths and provide 

documentation of planned activities to tank farm operations. 

 

Field activities relating to C3832 (the first of the three planned probes) commenced with staging 

of the probe-driving equipment to the 200 West Area for radiological survey on April 29, 2002.  

Staging of support equipment and setup of the probe driving system on location began on 

April 30 and concluded with mobilization of the equipment from TX-104 (C3832) to the TX-107 

probe site (C3831) on June 28, 2002.  Field Activity Reports were generated by DFSNW field 

oversight personnel for each day of the deployment and copies are included in Appendix A.  

Excluding weekends and holidays there were 39 field days associated with mobilization, drilling, 

sampling, logging, decommissioning, and de-mobilization related to probe hole C3832 adjacent 

to TX-104.  The total days on location included four days of rig-up and rig-down activities, two 

days for borehole decommissioning, three days of geophysical logging, and 18 days of driving 

casing and sampling.  The remaining time onsite was stand-by days due to adverse weather, rig 

repairs and work delays caused by tank farm documentation problems.  The total sampled depth 

of 115.89 ft below ground surface (BGS), as measured by steel line tape, was reached on June 3, 

2002.  At this depth the probe casing was at a total of 114.29 ft BGS, at refusal, and was 

approximately 2.3 ft into the highly cemented portion of the calcium carbonates of the Cold 

Creek sediments.  Blow counts exceeded manufacture’s recommended numbers per advance 

depth at this point.  Prior to decommissioning, geophysical logging was completed to total depth 

with moisture and HPGe spectral gamma detectors.  Decommissioning of the borehole 

commenced on June 12, 2002, and was completed on June 13. 

 

Nineteen (19) split-spoon samples, 1.25 ft long x 2.5 in. in diameter, were collected at specified 

depths for potential chemical and radiological analysis during the drilling/driving of this probe.  

(See Appendix D for information regarding sample depth, Chain of Custody, etc. and 

Appendix B for geologic descriptions of the samples retrieved).  One zone (sample number 

S02046-05 collected from 44.14 ft to 45.54 ft BGS) displayed indications of excess or free water 

after sampling.  When the sampler was removed from the borehole, water was observed dripping 

from the bottom shoe of the sampler and free water had been forced from the vent hole at the top 

of the sampler liner chamber.  Before the hole was advanced beyond this depth, driving activities 

were placed on stand-by and the probe hole was monitored approximately two hours for 

accumulation of free water by use of e-tape measurements (no free or standing water was 

observed).  Sampling results are discussed further in Section 3.2.1. 
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Only one sample collected had any radiological contamination detected by field instrumentation.  

Sample SA02046-13 collected from 82.99 ft to 84.34 ft BGS had Geiger-Muller count rates in 

the 250-300 counts per second (cps) range when compared to an average of 200–250 cps as a 

background level in the TX farm.  The elevated count rates on field instruments correlates to the 

area of highest levels of Cobalt-60 contamination identified by HPGe spectral logging for the 

C3832 probe hole.  HPGe spectral logging identified 
137

Cs above background levels from surface 

to approximately 1.5 ft BGS with a peak of 0.5 pCi/g at 0.5 ft and 
60

Co detections from 

approximately 75 ft BGS to the total depth of the probe advance.  At 79.5 ft BGS spectral 

analysis indicates 1.2 pCi/g of 
60

Co (highest rates analyzed) and up to 15 pCi/g of 
238

U at 109 ft 

BGS.  See Appendix C for borehole geophysical analysis results.   

 

The position of this boring was initially located by CH2M HILL Hanford Group, Inc.  DFSNW 

personnel subsequently documented the location at Easting 566717.68 m, Northing 136137.32 m 

at an elevation above sea level of 206.22 m (676.57 ft) by use of Global Positioning Satellite 

instrumentation. 

 

 

 

3.0  DRILLING AND SAMPLING DETAILS 

 

 

3.1  DRILLING 

 

Per the referenced description of work (DFSNW-DOW-006), the casing utilized was a design 

configuration proven at the SX-108 Slant Borehole Project; e.g., P-110 carbon steel, 18 cm 

(7-in.) OD x 13 cm (5-13/16-in.) ID with a pin pile thread.  Details of the design configuration 

and methodology are discussed in RPP-6917, SX-108 Slant Borehole Completion Report.  The 

majority of the casing string was composed of 5-ft joints with several 2-, 3- and 4-ft joints for 

positioning the probe end at proposed sampling intervals.  Based on engineering calculations, 

prior testing and previous success at SX-108, the thread pattern was selected to withstand the 

expected driving force as well as the maximum pull back capacity of the selected casing jacks.  

The drilling rig was equipped with an ICE-40 pile driver, which delivers approximately 

40,000 ft•lb of force in the vertical position.  The rig, pile driver and remote handling arm 

configuration were successfully utilized previously for the SX-108 Slant Borehole project.  The 

pile driver provided adequate force to drive the casing to a total depth of 114 ft BGS.  At 

approximately 112 ft BGS the highly cemented facies of the Cold Creek sediments were 

encountered.  Blow counts indicated refusal and only another 2.29 ft of further casing advance 

was possible.  On initial driving the casing was observed to be off vertical by approximately 

1½ to 2 degrees in a northwesterly direction (e.g., tip angled away from TX-104 tank).  DFSNW 

personnel investigated the problem and determined that the rig and casing were not in proper 

alignment upon initiation of probe driving and correction for the minor deviation was not 

attempted.  Given the observed angle of deviation, calculations indicated that at total depth the 

probe tip was approximately 3 ft to 3.5 ft off-center to the south-southeast from the surface entry 

point.  To ensure proper angle of penetration, proper alignment and rig stabilization are essential 

at the initiation of driving because this method does not currently allow for adjustments to drive 

direction, once started.   Lessons learned from this effort will be applied by using engineered 
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changes to driving support equipment and additional personnel training prior to initiation of 

driving activities on the next probe hole of the series. 

 

No problems with handling or making up the casing were encountered.  Some minor problems 

with operation and maintenance of the wrench breakout and jack system were encountered, 

which affected crew efficiencies.  These problems are being addressed with ongoing 

modifications to wrench slip designs, wrench tolerance adjustments, and modifications to back-

pulling slip and bowl designs and tolerances.  It is expected that these changes will increase crew 

efficiencies and reduce rod trip times and handling issues.  The casing was made up to 

manufacturer’s torque specifications (5,000 ft•lb).  Following removal of the casing from the 

borehole, the entire casing string was visually inspected.  No damage to the casing, casing 

threads or tip and shoe was observed.   

 

 

3.1.1  Casing Driving 

 

To accomplish the objectives of acquiring samples the casing was driven in a closed 

configuration (e.g., removable tip in place) to the planned sample depths, and the tip and inner 

rod were then removed.  A sampler was placed on the rods, inserted through the casing to total 

depth and the pile driver was utilized to drive the sampler ahead.  Casing refusal is defined in the 

manual used by ICE operators.  Refusal has been met when less than one inch of advance is 

gained for 10 full stroke blows of the hammer. 

 

Blow counts vs. advancement of the casing were recorded and, as expected, varied over depth.  

Field records (blow counts recorded during driving of the casing to total depth) and Table E-1 of 

the blow counts recorded per length of casing advance are provided in Appendix E.  Tracking 

and comparison of blow counts when utilizing this type of pile driver for engineering purposes is 

complicated by the fact that the hammer reacts to the resistance of the probe to advance.  When 

little resistance is encountered, the hammer does not stroke to its full length and less than the 

maximum 40,000 ft•lb is applied at that point.  When resistance to the advance of the probe 

increases, full hammer strokes occur and the full potential force of the hammer is used to 

advance the casing.  Figure 3 is a graphic representation of the blow count vs. depth for C3832.  

At a depth (casing length) of 111.9 ft to 112.9 ft BGS the blow count increased from an average 

of 20-30 blows per foot to 50 blows per foot.  This increased resistance to driving was 

interpreted as being the contact of the calcium carbonate rich facies of the Cold Creek with the 

overlying laminated silt facies of the Cold Creek.  Subsequent sample examination places the 

contact between the two facies at 110.6 ft BGS.  Casing refusal (blow counts in excess of 

120 blows per foot) occurred at 113.77 ft.  Attempts to open the hole and enable casing advance 

by sampling ahead of the probe and thus easing of sediment resistance failed.  A sampler was 

advanced to a total depth of 115.89 ft, but casing advance beyond 114.24 ft was not achieved.   
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Figure 3.  C3832 Blow Counts—Depth vs. Blow. 
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3.1.2  Split-Spoon Sampler 

 

A split-spoon sampler with an additional inner steel liner for increased structural strength was 

specially designed for collecting sediment samples ahead of the driven casing.  This sampler 

collects a 2.5-in. x 1-ft driven sample.  The sampler body is designed to house the split liner and 

the sample liners.  For this scope of work a sampler utilized in the SX-108 Project was 

redesigned to accommodate larger liners (2.5-in. vs. 2-in.) through removal of the lead shielding 

utilized for the previous deployment.  Removing the shielding and increasing sample size were 

undertaken because of the lower expected contamination levels when compared to the previous 

deployment.  This lower expected level of radioactive contamination allowed larger volumes of 

soil with less shielding to be safely handled at the surface in the field and at the laboratory.  The 

sampler is deployed and advanced by use of an inner string of 4½-in. drill pipe. 

 

Sample handling and any potential contaminate spread, as well as potential exposure of onsite 

personnel were minimized by capping the bottom of the split-spoon sampler, placing it in a 

transport container and using the remote-handling arm.  The complete split-spoon assembly was 

placed in a transport drum and transported to Pacific Northwest National Laboratory with the 

sample intact in the split spoon.  The laboratory performed the breakout of the samples from the 

split spoon and extruded the soil from the liners.  No onsite breakdown of the samples was 

performed. 

 

 

3.2  SAMPLING 

 

 

3.2.1  Soil Sampling 

 

During advancement of the borehole, sampling was attempted 19 times using a split-spoon 

sampler.  The split spoon was driven by casing hammer a minimum of 1.25 ft into the bottom of 

the borehole at each selected sample location.  The exact control of the driving distance for each 

sample has been proven to be problematic.  Attempts have been made to restrict these distances 

to no more than 1.4 ft; however, due to the force produced by the casing hammer utilized to drive 

the sampler and the unknown properties of the sediments that are being sampled, this number 

was exceeded by as much as four tenths of a foot on at least one occasion and two to three tenths 

on several occasions.  Overdriving of the sampler results in highly compacted materials in the 

sampler and causes difficulties for removal.  Over compaction of samples alters physical 

properties of some portions of the sample by destroying sedimentary structures and porosity and 

rendering those portions of the sample unsuitable for density analysis.  Chemical and radiologic 

analysis is not affected by the over compaction.   

 

Projected target depths for sample collection were first outlined in the referenced RFI/CMS 

documentation (RPP-7578) prepared by CH2M HILL.  Further refinement of the preferred 

sample depths was derived by performing moisture logging in 14 dry wells surrounding all of the 

proposed probe locations in the TX Farm.  To accomplish the target refinement, cross section 

correlations of observable and identifiable geologic features were prepared from the logging 

data.  These features were compared to the sample depths identified in the RFI/CMS (RPP-7578) 
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and with the approval of the CH2M HILL Project Lead, sampling targets based on projected 

geologic features (e.g., facies contacts, grain size changes, features such as tank excavation 

compaction zones) were selected and documented in DFSNW-DOW-006.  Table 1 below 

provides information on targeted sample depths, actual sample depths, generalized geophysical 

log detections and sediment types for the interval and recovery percentages. 

 

 

Table 1.  Sample Depths. 

 

 

Of the nineteen samples collected all 38 six-inch liners were 100% full on recovery.  Because of 

the overdriving during several sampling events, the materials in the shoe and lower portion of the 

bottom liner were compacted, and thus were not appropriate for any laboratory-derived density 

studies.  At the time of this report no detailed information relating to laboratory-derived soil 

moisture content, sample radiochemistry or chemical contamination is available.  As related in 

the summary section, several samples were taken in zones that had notable physical and/or 

geophysical characteristics.  Sample S02046-05 collected from 44.14 ft to 45.54 ft BGS 

displayed indications of excess or free water after sampling.  Subsequent moisture logging 

indicated that the particular zone had between 12 and 13% volume moisture content, and when 

the sample was removed from the liner in the laboratory the sediments were described as very 

moist.  The sediments were interpreted to be fine sands and silt from a compacted zone at the 

bottom of the tank excavation.  Observation of the probe hole after sampling did not indicate that 

water content was at saturation levels for the interval, and as noted above neutron-moisture 

logging supported that information.   
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Field instrumentation detected elevated count rates in just one sample, SA02046-13 that was 

collected from 82.99 to 84.34 ft. BGS.  The Geiger-Muller count rates were in a 250–300 cps 

range compared to an average of 200–250 cps as a background level in the TX farm.  The 

elevated count rates on field instruments and subsequent HPGe logging have been identified as 
60

Co contamination, and the high detections occurred at a grain size change in the sediments.  

In the sample interval a medium-to-coarse sand is in sharp contact with an underlying silt.  

Descriptions of the sediments retrieved in the 19 samples are found in Appendix B and 

Plate 1 (a graphic depiction of the geophysics, expected lithologies and retrieved samples with 

sample descriptions and formation contact depths). 

 

 

3.3  GEOPHYSICAL LOGGING 

 

Prior to the initiation of probe driving activities, open dry wells in the vicinity of the probe 

locations were reviewed for accessibility.  Fifteen wells were selected for potential logging.  See 

Figure 2 for the location of the wells selected (marked with tank farm well numbers, for example 

51-04-05).  Fourteen of the wells were subsequently logged by DFSNW with neutron-moisture 

instrumentation developed specifically for use at Hanford by DFSNW and analyzed for percent 

volume moisture content.  Results of this logging scope (log plots, log data reports and analysis 

reports) are contained in Appendix C.  Correlation cross-sections utilizing these logs were 

generated to select sample depths for the probe locations.  Table 2 below lists the dry wells 

utilized for cross section correlation.  Figure C-1 in Appendix C is a compiled cross section of 

the 14 logs acquired.  Inspection of the moisture logging results revealed four wells (51-03-01, 

51-03-11, 51-04-02 and 51-04-06) with anomalous readings in the 0 ft to 35 ft BGS zones of the 

boreholes.  The moisture and spectral logging data from these four borings, as well as available 

construction information records, were reviewed to provide guidance in interpretation of the 

observed phenomena.  The observed apparent moisture peaks are interpreted to be the result of 

cement grout introduced into the annular area of the boring during final completion of the wells.  

(See March 5, 2002, letter and attachments from Pacific Northwest Geophysics to Kent Reynolds 

in Appendix C for details.) 

 

 

Table 2.  Dry Wells Utilized for Cross-Section Correlation. 

1. 51-00-07 8. 51-03-01 

2. 51-04-06 9. 51-03-02 

3. 51-04-05 10. 51-00-06 

4. 51-03-09 11. 51-02-02 

5. 51-04-02 12. 51-05-07 

6. 51-03-11 13. 51-05-05 

7. 51-03-12 14. 51-00-03 
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When C3832 probe reached refusal (total depth) the inner drill string and tip were removed and 

geophysical logging was conducted utilizing DFSNW equipment and personnel prior to 

decommissioning of the probe hole.  Appendix C contains copies of the log plots, log data 

reports, analysis results, and interpretations generated from the probe hole (See log plots for 

C3832 in Appendix C).  The following logging suites were utilized: 

 

1. Gross gamma 

2. Spectral (HPgE) gamma logging 

3. Neutron-Moisture. 

 

Analysis of the HPGe data detected 
137

Cs within the top 1.15 ft of the probe hole and 
60

Co as 

well as 
238

U below tank bottom levels.  Cobalt detections began at approximately 76 ft BGS and 

continued to the total depth of probe advance.  The highest concentration level of cobalt detected 

(1.2 pCi/g) occurred at 79.5 ft BGS and minor amounts were detected at up to .6 pCi/g at 92 ft 

and 106 ft BGS.  Because of their interbedded silt and sand lithology, samples collected at 75.9 ft 

to 77.4 ft BGS and 78.3 ft to 80.3 ft BGS may contain useful information relating to soil 

adsorption potentials.  Uranium-238 detections began at approximately 102 ft BGS and a peak 

concentration of 15 pCi/g was recorded at 106 ft BGS.  A sample collected at 103.9 ft to 105.4 ft 

BGS was comprised of fine-to-very-fine sand and silt and is interpreted to be part of the Cold 

Creek silt sediments. 

 

 

 

4.0  PROBE HOLE DECOMMISSIONING 

 

 

Decommissioning of probe hole C3832 commenced on June 12, 2002, and was completed on 

June 13, 2002.  Decommissioning activities met all applicable sections of WAC 173-160, 

“Minimum Standards for Construction and Maintenance of Wells,” requirements.  As the casing 

was extracted, dry bentonite materials were added to fill the annular space.  Thirty nine (39) ft
3
 

of materials (55.5 sacks) were placed into the probe hole as the casing was extracted.  This 

volume slightly exceeds the minimal calculated volume (37.1 ft
3
) for filling the void space 

created by casing extraction.  The probe hole was filled within approximately 1 ft of grade and 

covered with gravel to conform to tank farm requirements. 

 

 

 

5.0  ENVIRONMENTAL, SAFETY, AND HEALTH 

 

 

During the field operations, the job site was surveyed by both DFSNW Operations Safety and 

CH2M HILL Hanford Group, Inc., Tank Farm Industrial Hygiene and Safety personnel for 

safety and health compliance.  To ensure compliance with hearing protection guidelines, noise 

levels were monitored during the probe driving operations.  (See Appendix I for data relating to 

field monitoring and a subsequent transmittal letter to CH2M Hill Hanford Group, Inc., 

documenting the monitoring and results.)  There were no lost time or reportable Occupational 
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Safety and Health Act of 1970 injuries during performance of the work activities relating to this 

scope of work.  One first aid case was reported during completion of the scope of work.  A sub-

contract worker onsite pinched a finger when rolling casing on the pipe racks and was 

transported to the 200 West First Aid Station.  The injury was examined and the worker returned 

to work with no restrictions. 
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Table E-1.  Blow Counts.  (2 sheets total) 

Depth Blows   Depth Blows  
0.00 0.00   44.14 9.00  

1.00 6.00   45.95 18.00 * 

2.00 7.00   47.18 31.00  

3.00 7.00   48.18 32.00  

4.00 8.00   49.18 30.00  

5.00 8.00   50.18 29.00  

5.69 7.00   51.18 27.00  

6.69 11.00   51.93 10.00 * 

7.69 9.00   53.08 19.00  

8.69 10.00   53.87 5.00 * 

9.69 10.00   54.87 16.00 * 

11.09 9.00   55.87 22.00  

12.09 13.00   56.87 24.00  

13.09 14.00   57.87 29.00  

14.09 15.00   58.87 32.00  

15.09 14.00   59.87 30.00  

16.21 12.00   60.12 8.00 * 

17.00 14.00   61.76  * 

18.00 13.00   62.76 15.00  

19.00 12.00   63.76 19.00  

20.68 12.00   64.76 26.00  

21.68 10.00   65.86 31.00  

22.68 9.00   66.86 33.00  

23.68 12.00   67.86 41.00  

24.68 14.00   68.86 38.00  

25.68 6.00   69.01 6.00 * 

26.02 15.00   70.95 22.00 * 

27.02 15.00   71.95 24.00  

28.02 15.00   72.95 34.00  

28.63 8.00   73.95 34.00  

29.03 10.00   74.95 34.00  

29.59 9.00   75.99 35.00  

30.59 10.00   76.99 13.00 * 

31.09 3.00   77.99 25.00 * 

32.09 8.00   78.99 28.00  

33.09 6.00   79.99 14.00 * 

34.09 6.00   80.99 13.00 * 

35.09 7.00   81.99 26.00  

36.09 6.00   82.99 27.00  

37.00 14.00   83.99 14.00 * 

38.00 12.00   84.99 19.00 * 

39.00 13.00   85.99 19.00  

40.00 13.00   86.99 25.00  

41.00 13.00   87.99 11.00 * 

42.00 10.00   88.99 12.00 * 

43.00 8.00   89.99 17.00  
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Depth Blows   Depth Blows  
90.99 23.00      

91.99 15.00      

92.99 26.00      

93.99 17.00 *     

94.99 20.00      

95.64 20.00      

96.54 17.00 *     

97.54 28.00 *     

98.54 33.00      

99.54 31.00      

100.54 16.00      

101.54 27.00      

102.54 29.00      

103.94 28.00      

104.94 16.00 *     

105.94 18.00 *     

106.94 25.00      

107.94 31.00      

108.94 32.00      

109.91 33.00      

110.96 20.00 *     

111.96 22.00 *     

112.96 50.00      

113.77 147.00 **     

114.00 60.00 *     

114.24 102.00 **     

*Blow counts—advance rate affected by sampling point 

**Refusal 
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